Introduction
============

The elderly population of the United States is predicted to double from 35 to 71 million people in the next 30 years [@OR032-1] At the same time, diseases such as choledocholithiasis and malignancy, and the postoperative management of adverse events following biliary surgery [@JR032-2] [@JR032-3] are all more prevalent in the elderly population [@JR032-4] [@JR032-5]. Therefore, the incidence of biliary and pancreatic diseases will continue to rise, along with the rise in our aging population. Endoscopic retrograde cholangiopancreatography (ERCP) is a diagnostic and therapeutic procedure that can directly treat many of these pancreaticobiliary diseases and can represent a safer alternative to surgery for the elderly in some circumstances [@JR032-6]. However, ERCP is not without risk, with a reported adverse event rate of 5 % -- 10 % [@JR032-7] [@JR032-8] and a mortality rate of 0.3 % -- 0.5 % [@JR032-7] [@JR032-9]. Moreover, these risks may be exacerbated by age, and their consequences may be more severe and protracted in the elderly. With the dramatic rise in the elderly population, it is anticipated that ERCP will be in greater demand for this group of patients in the next few years. As a result, it is vital to better understand ERCP adverse events in the elderly, in order to balance the risks and benefits and to provide better information for older patients so they can make more informed decisions about undergoing ERCP.

Currently, there is a dearth of literature on ERCP and adverse events in the elderly, but there have been several studies published suggesting that ERCP is safe in patients aged ≥ 65 years [@JR032-5] [@JR032-10] [@JR032-11] [@JR032-12] [@JR032-13] [@JR032-14] [@JR032-15] [@JR032-16] [@JR032-17] [@JR032-18] [@JR032-19] [@JR032-20] [@JR032-21] [@JR032-22] [@JR032-23] [@JR032-24] [@JR032-25] [@JR032-26] [@JR032-27] [@JR032-28] [@JR032-29]. However, most of these studies are small, and in many cases they focus on one adverse event only, thereby limiting the generalizability of their conclusions. To our knowledge, no systematic review or meta-analysis comparing elderly and non-elderly patients with respect to adverse events following ERCP has been performed. Because of this gap in the literature, we aimed to determine the incidence rates for specific adverse events in elderly patients undergoing ERCP and to calculate specific incidence rate ratios of ERCP adverse events between younger and older patients.

Patients/materials and methods
==============================

Study population
----------------

We performed a systematic review of computerized bibliography databases for studies that included elderly patients who underwent ERCP and that had reported adverse events. Elderly was defined using the World Health Organization's definition of patients 65 years of age and older.

Literature search
-----------------

We searched computerized bibliography databases including MEDLINE (1950 to August 1, 2012), EMBASE (1980 to August 1, 2012), and Cochrane Review Library (1992 to August 1, 2012). Search terms included "ERCP" and "elderly" combined with any of the following key words/MeSH headings: "adverse event(s)," "complications," or specific adverse events related to ERCP including "abdominal pain," "pancreatitis," "perforation(s)," "bleeding," "post-sphincterotomy bleeding," "cholangitis," "cardiovascular adverse event(s)," "respiratory adverse event(s)," "hospitalization(s)," or "death(s)." The references of all retrieved articles were reviewed to identify additional studies. Lastly, a manual search of abstracts submitted to Digestive Diseases Week and the American College of Gastroenterology Annual Conference (2001 -- 2012) was performed.

Inclusion and exclusion criteria
--------------------------------

Studies were included if adverse events related to the performance of an ERCP in patients 65 years of age and older were reported and could be abstracted. ERCPs performed in both the outpatient and inpatient setting were included, as were both diagnostic and therapeutic procedures. Three age strata were present in the literature: the elderly (≥ 65), octogenarians (≥ 80), and nonagenarians (≥ 90). Articles were limited to randomized, controlled trials and cohort studies (prospective and retrospective) with no restriction on language.

Data abstraction
----------------

Data on the following six categories of adverse events were abstracted from the full articles:

\(i\) pancreatitis

\(ii\) perforation

\(iii\) bleeding (including post-sphincterotomy bleeding)

\(iv\) cholangitis

\(v\) cardiopulmonary adverse events

\(vi\) mortality related to the performance of the ERCP

Adverse events were identified and attributed to the performance of the ERCP by the authors of each study. The following definitions were used for each specific adverse event that was abstracted. Pancreatitis was defined as the onset of new abdominal pain, with at least a three-fold elevation of serum amylase or lipase levels, at least 24 hours after the procedure, which required more than 1 night of hospitalization. Perforation was defined as retroperitoneal or bowel-wall perforation, as evidenced by any imaging technique. Bleeding adverse events were defined as clinical evidence of hemorrhage, with a decrease in hemoglobin \> 2 g/dL or the need for endoscopic or transfusion treatment. Cholangitis was defined as a temperature of more than 38 °C for 24 -- 48 hours occurring after the procedure and thought to have a biliary cause, without evidence of other concomitant infections. Cardiopulmonary adverse events included myocardial infarction, cerebrovascular accident, congestive heart failure, cardiac/respiratory arrest, arrhythmia, hypoxemia (oxygen saturation \< 90 %), hypotension (systolic blood pressure \< 90 mmHg), bradycardia (heart rate \< 60 beats/minute), tachycardia (heart rate \> 110 beats/minute), or vasovagal response, all of which had to be attributed to the performance of an ERCP.

Of note, we did not use established consensus criteria, such as the Cotton classification [@JR032-30], in developing the definitions of adverse events for our study. Unfortunately, in the available literature on the adverse events of ERCP in the elderly, the level of detail required by the Cotton classification, such as the number of days that a symptom persisted or how long a patient was hospitalized, was not present in the vast majority of studies, hence less stringent criteria were employed.

Secondary data abstracted included the type of center where the study was performed, trainee involvement, the use of general anesthesia, and cannulation rate of the major papilla. Two authors (L. W. D and L. L.) independently screened and reviewed all titles, abstracts, and full articles for eligibility. If there was a discrepancy between the two reviewers, M.S. also reviewed the article and a consensus was then reached among all three authors.

Statistical analysis
--------------------

Adverse event primary outcomes were selected a priori based on their clinical importance and included pancreatitis, perforation, bleeding (including post-sphincterotomy bleeding), cholangitis, cardiopulmonary adverse events, and mortality. We used the assessments made by the authors of each included article with regards to whether each of the adverse events was directly related to the performance of an ERCP.

First, the incidence rate of each primary outcome (using pooled data for each specific adverse event) was calculated (adverse event per 1000 ERCPs). Incidence rate calculations were performed for three age strata: (i) patients ≥ 65 years, (ii) patients ≥ 80 years, and (iii) patients ≥ 90 years. These age strata were selected because studies in the available literature involving adverse events and ERCPs were mostly categorized according to these three age strata. Incidence rates and the 95 % confidence intervals (CIs) were calculated using the binomial distribution.

Second, a meta-analysis was performed to examine the association between different age strata and the incidence rates of selected ERCP adverse events. In the meta-analysis, we analyzed pancreatitis, perforation, bleeding, cholangitis, cardiopulmonary adverse events, and mortality, with respect to the following grouping of patients: (i) ≥ 65 versus \< 65, (ii) ≥ 80 versus \< 80, and (iii) ≥ 90 versus \< 90. Studies were assigned weights based on their sample size (number of included ERCPs) as a function of the statistical test. The primary analysis was performed using the random-effects model. Incidence rate ratios (IRRs) with 95 %CIs were calculated for each analysis. A statistically significant result was observed with a 95 %CI and a *P*value \< 0.05. Not all studies used for incidence rate calculations were included in the meta-analysis because some studies did not have a younger age group with which to make a comparison [@JR032-14] [@JR032-17] [@JR032-19] [@JR032-23] [@JR032-24] [@JR032-27] [@JR032-31] [@JR032-32] [@JR032-33] [@JR032-34] [@JR032-35] [@JR032-36] [@JR032-37] [@JR032-38] [@JR032-39] [@JR032-40] [@JR032-41] [@JR032-42] [@JR032-43] [@JR032-44] [@JR032-45] [@JR032-46] [@JR032-47] [@JR032-48] [@JR032-49] [@JR032-50].

Third, sensitivity analyses were attempted to assess the effect of known or potential risk factors on specific adverse events in the elderly. Risk factors considered for the sensitivity analyses included performance of a pancreatogram, having a precut preformed, suspected sphincter of Oddi dysfunction (SOD), cannulation rate, trainee involvement, center type, presence of one or more comorbid medical conditions, and use of aspirin/nonsteroidal anti-inflammatory drugs, anticoagulants, or antiplatelet agents. However, sensitivity analyses could not be performed for specific ERCP adverse events as data on individual risk factors could not be stratified by both age and adverse event. Instead, the relationships between the rates of relevant risk factors and rates of adverse events were examined using a Spearman's rank correlation coefficient.

Heterogeneity was calculated using a χ^2^ test with n -- 1 degrees of freedom, where n represents the number of studies included with *P* \< 0.10 representing significant heterogeneity. Kendall's tau was determined, and a funnel plot constructed to test for publication bias. All statistical analyses were calculated using Stata software version 11.0 (StataCorp, College station, Texas, USA).

Results
=======

Our initial search strategy yielded 7429 articles. After initial title and abstract review, 711 articles remained for full manuscript review. A total of 642 articles were excluded with the most frequent reason being that both the number of ERCPs and specific number of adverse events could not be abstracted from the articles and stratified into any of the three age strata ([Fig. 1](#FI032-1){ref-type="fig"}).

![ Flow chart of the inclusion and exclusion of studies for the systematic review and meta-analysis of adverse events in older patients undergoing endoscopic retrograde cholangiopancreatography (ERCP). Note: data from the included studies could be abstracted for more than two age stratifications.](10-1055-s-0034-1365281-i032ei1){#FI032-1}

Characteristics of included studies
-----------------------------------

There were 69 articles included in the study. Of the included studies, there were three randomized controlled studies, 37 prospective cohort studies, and 29 retrospective cohort studies. There were 35 studies from which data could be abstracted on patients over 65 [@JR032-6] [@JR032-13] [@JR032-19] [@JR032-23] [@JR032-31] [@JR032-32] [@JR032-33] [@JR032-34] [@JR032-35] [@JR032-47] [@JR032-51] [@JR032-52] [@JR032-53] [@JR032-54] [@JR032-55] [@JR032-56] [@JR032-57] [@JR032-58] [@JR032-59] [@JR032-60] [@JR032-61] [@JR032-62] [@JR032-63] [@JR032-64] [@JR032-65] [@JR032-66] [@JR032-67] [@JR032-68] [@JR032-69] [@JR032-70] [@JR032-71] [@JR032-72] [@JR032-73] [@JR032-74] [@JR032-75] and over 80 [@JR032-5] [@JR032-6] [@JR032-10] [@JR032-11] [@JR032-14] [@JR032-15] [@JR032-20] [@JR032-25] [@JR032-26] [@JR032-28] [@JR032-31] [@JR032-33] [@JR032-36] [@JR032-37] [@JR032-38] [@JR032-39] [@JR032-40] [@JR032-41] [@JR032-48] [@JR032-49] [@JR032-55] [@JR032-56] [@JR032-57] [@JR032-60] [@JR032-64] [@JR032-66] [@JR032-67] [@JR032-69] [@JR032-71] [@JR032-75] [@JR032-76] [@JR032-77] [@JR032-78] [@JR032-79] [@JR032-80] in which 10 286 and 4036 ERCPs had been performed, respectively; 19 studies were available from which data could be abstracted on patients over 90 [@JR032-10] [@JR032-11] [@JR032-17] [@JR032-20] [@JR032-24] [@JR032-27] [@JR032-42] [@JR032-43] [@JR032-44] [@JR032-45] [@JR032-46] [@JR032-50] [@JR032-57] [@JR032-60] [@JR032-64] [@JR032-69] [@JR032-78] [@JR032-81] [@JR032-82] and these involved 742 ERCPs. A majority of included studies were performed at academic centers (91.2 %) and involved trainees (89.2 %), and a third of cases had anesthetic support (31.3 %). The mean rate for cannulation of the common bile duct was 95.3 % among the included studies.

Systematic review of ERCP adverse event incidence rates in elderly patients
---------------------------------------------------------------------------

### Patients over the age of 65 years

[Table 1](#TB032-1){ref-type="table"} represents a summary of the pooled incidence rates for specific adverse events related to ERCP and stratified by age. With respect to individual adverse events in patients aged ≥ 65 years of age, the rate of pancreatitis was 13.1 /1000 ERCPs (95 %CI 11.0 -- 15.5) [@JR032-13] [@JR032-19] [@JR032-23] [@JR032-31] [@JR032-32] [@JR032-33] [@JR032-34] [@JR032-35] [@JR032-47] [@JR032-51] [@JR032-52] [@JR032-53] [@JR032-54] [@JR032-55] [@JR032-56] [@JR032-58] [@JR032-59] [@JR032-60] [@JR032-61] [@JR032-62] [@JR032-63] [@JR032-64] [@JR032-66] [@JR032-67] [@JR032-68] [@JR032-69] [@JR032-70] [@JR032-72] [@JR032-73] [@JR032-74] [@JR032-75] [@JR032-83], perforation rate was 3.8 /1000 ERCPs (95 %CI 1.8 -- 7.0) [@JR032-13] [@JR032-19] [@JR032-23] [@JR032-31] [@JR032-32] [@JR032-33] [@JR032-34] [@JR032-35] [@JR032-47] [@JR032-51] [@JR032-52] [@JR032-53] [@JR032-55] [@JR032-58] [@JR032-59] [@JR032-60] [@JR032-61] [@JR032-62] [@JR032-63] [@JR032-64] [@JR032-66] [@JR032-67] [@JR032-68] [@JR032-69] [@JR032-72] [@JR032-74] [@JR032-75] [@JR032-83], and bleeding rate was 7.7 /1000 ERCPs (95 %CI 5.7 -- 10.1) [@JR032-13] [@JR032-19] [@JR032-23] [@JR032-31] [@JR032-32] [@JR032-33] [@JR032-34] [@JR032-35] [@JR032-47] [@JR032-51] [@JR032-52] [@JR032-53] [@JR032-55] [@JR032-56] [@JR032-58] [@JR032-59] [@JR032-60] [@JR032-61] [@JR032-62] [@JR032-63] [@JR032-64] [@JR032-66] [@JR032-67] [@JR032-68] [@JR032-69] [@JR032-70] [@JR032-72] [@JR032-74] [@JR032-75] [@JR032-83]. Cholangitis was the most frequent adverse event reported in the literature for patients ≥ 65 (16.1 /1000 ERCPs, 95 %CI 11.7 -- 21.7) [@JR032-13] [@JR032-19] [@JR032-23] [@JR032-31] [@JR032-32] [@JR032-33] [@JR032-34] [@JR032-35] [@JR032-47] [@JR032-51] [@JR032-52] [@JR032-53] [@JR032-55] [@JR032-58] [@JR032-59] [@JR032-60] [@JR032-61] [@JR032-62] [@JR032-63] [@JR032-64] [@JR032-65] [@JR032-66] [@JR032-67] [@JR032-69] [@JR032-71] [@JR032-72] [@JR032-74] [@JR032-75] [@JR032-83].

###### Summary of incidence rates for specific adverse events related to endoscopic retrograde cholangiopancreatography (ERCP) stratified by age.

  Age               Number of adverse events/number of ERCPs (%)   Incidence rate per 1000 ERCPs (95 % CI)
  ----------------- ---------------------------------------------- -----------------------------------------
  **≥ 65 years**                                                   
  Pancreatitis      133/10 146 (1.3)                               13.1 (11.0 -- 15.5)
  Perforation       10/2630 (0.4)                                  3.8 (1.8 -- 7.0)
  Bleeding          50/6506 (0.8)                                  7.7 (5.7 -- 10.1)
  Cholangitis       43 /2664 (1.6)                                 16.1 (11.7 -- 21.7)
  Cardiopulmonary   7/1903 (0.4)                                   3.7 (1.5 -- 7.6)
  Death             47 /6614 (0.7)                                 7.1 (5.2 -- 9.4)
  **≥ 80 years**                                                   
  Pancreatitis      65/3586 (1.8)                                  18.1 (14.0 -- 23.0)
  Perforation       11/2462 (0.4)                                  4.5 (2.2 -- 8.0)
  Bleeding          35/3157 (1.1)                                  11.1 (7.7 -- 15.4)
  Cholangitis       10/2446 (0.4)                                  4.1 (2.0 -- 7.5)
  Cardiopulmonary   52/1313 (4.0)                                  39.6 (29.7 -- 51.6)
  Death             22/3605 (0.6)                                  6.1 (3.8 -- 9.2)
  ** ≥ 90 years**                                                  
  Pancreatitis      9/735 (1.2)                                    12.2 (5.6 -- 23.1)
  Perforation       1/741 (0.1)                                    1.3 (0 -- 7.5)
  Bleeding          21/735 (2.9)                                   28.6 (17.8 -- 43.3)
  Cholangitis       5 /735 (0.7)                                   6.8 (2.2 -- 15.8)
  Cardiopulmonary   6/726 (0.8)                                    8.3 (3.0 -- 17.9)
  Death             2/742 (0.3)                                    2.7 (0.3 -- 9.7)

CI, confidence interval.

### Patients over the ages of 80 and 90 years

Varying adverse event incidence rates were observed in patients aged ≥ 80 and ≥ 90 years ([Table 1](#TB032-1){ref-type="table"}). The lowest adverse event incidence rates in octogenarians were for perforation and cholangitis, while cardiopulmonary adverse events were the most frequently reported [@JR032-10] [@JR032-11] [@JR032-14] [@JR032-15] [@JR032-25] [@JR032-28] [@JR032-31] [@JR032-33] [@JR032-36] [@JR032-38] [@JR032-40] [@JR032-48] [@JR032-49] [@JR032-55] [@JR032-60] [@JR032-64] [@JR032-66] [@JR032-67] [@JR032-69] [@JR032-75] [@JR032-76] [@JR032-77] [@JR032-83]. Additionally, the mortality rate was 6.1 deaths/1000 ERCPs (95 %CI 3.8 -- 9.2) [@JR032-5] [@JR032-10] [@JR032-11] [@JR032-14] [@JR032-15] [@JR032-20] [@JR032-25] [@JR032-26] [@JR032-28] [@JR032-31] [@JR032-33] [@JR032-36] [@JR032-37] [@JR032-38] [@JR032-40] [@JR032-41] [@JR032-48] [@JR032-49] [@JR032-55] [@JR032-56] [@JR032-57] [@JR032-60] [@JR032-64] [@JR032-66] [@JR032-67] [@JR032-69] [@JR032-75] [@JR032-76] [@JR032-77] [@JR032-78] [@JR032-79] [@JR032-83], with 22 documented deaths among 32 of the studies involving octogenarians. Lastly, among patients ≥ 90, the most frequent adverse event was bleeding with an incidence rate of 28.6/1000 ERCPs (95 %CI 17.8 -- 43.3) [@JR032-10] [@JR032-11] [@JR032-17] [@JR032-20] [@JR032-24] [@JR032-27] [@JR032-42] [@JR032-43] [@JR032-44] [@JR032-45] [@JR032-46] [@JR032-50] [@JR032-60] [@JR032-64] [@JR032-69] [@JR032-81] [@JR032-82], with perforation and mortality rates being the lowest at 1.3 perforations/1000 ERCPs (95 %CI 0 -- 7.5) [@JR032-10] [@JR032-11] [@JR032-17] [@JR032-20] [@JR032-24] [@JR032-27] [@JR032-42] [@JR032-43] [@JR032-44] [@JR032-45] [@JR032-46] [@JR032-50] [@JR032-60] [@JR032-64] [@JR032-69] [@JR032-78] [@JR032-81] [@JR032-82] and 2.7 deaths/1000 ERCPs (95 %CI 0.3 -- 9.7) [@JR032-10] [@JR032-11] [@JR032-17] [@JR032-20] [@JR032-24] [@JR032-27] [@JR032-42] [@JR032-43] [@JR032-44] [@JR032-45] [@JR032-46] [@JR032-50] [@JR032-57] [@JR032-60] [@JR032-64] [@JR032-69] [@JR032-78] [@JR032-81] [@JR032-82], respectively, in this age group.

Meta-analysis for adverse events in elderly patients undergoing ERCP
--------------------------------------------------------------------

Older age appeared to modify the risk of developing specific ERCP adverse events. In contrast to the incidence rate calculations above, there were far fewer studies included in the meta-analyses because some of the studies did not include patients in a younger age group with which to make comparisons. Patients ≥ 65 years of age were 70 % less likely to have an episode of post-ERCP pancreatitis compared with younger patients (IRR 0.3; 95 %CI 0.3 -- 0.4; *P* = 0.7 for heterogeneity) [@JR032-13] [@JR032-52] [@JR032-54] [@JR032-56] [@JR032-58] [@JR032-59] [@JR032-61] [@JR032-62] [@JR032-63] [@JR032-67] [@JR032-73] [@JR032-74] [@JR032-75] ([Fig. 2](#FI032-2){ref-type="fig"}).

![ Incidence rate ratio for the development of post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis among patients aged ≥ 65 years and \< 65 years.](10-1055-s-0034-1365281-i032ei2){#FI032-2}

Nonagenarians had the highest risk of having an adverse event related to an ERCP. Bleeding (IRR 2.4; 95 %CI 1.1 -- 5.2; *P* = 0.4 for heterogeneity) [@JR032-10] [@JR032-11] [@JR032-20] [@JR032-60] [@JR032-64] [@JR032-69] [@JR032-81] [@JR032-82] ([Fig. 3](#FI032-3){ref-type="fig"}), cardiopulmonary adverse events (IRR 3.7; 95 %CI 1.0 -- 13.9; *P* = 0.7 for heterogeneity) [@JR032-69] [@JR032-81] ([Fig. 4](#FI032-4){ref-type="fig"}), and mortality (IRR 3.8; 95 %CI 1.0 -- 14.4; *P* = 0.8 for heterogeneity) [@JR032-10] [@JR032-20] [@JR032-57] [@JR032-60] ([Fig. 5](#FI032-5){ref-type="fig"}) were all significantly more elevated in patients ≥ 90 years of age compared with patients \< 90. Lastly, octogenarians had a more than a two-fold risk of procedure-related death (IRR 2.4; 95 %CI 1.3 -- 4.5; *P* = 0.9 for heterogeneity) [@JR032-5] [@JR032-10] [@JR032-15] [@JR032-31] [@JR032-56] [@JR032-57] [@JR032-60] [@JR032-75] compared with patients \< 80 ([Fig. 5](#FI032-5){ref-type="fig"}). There was no significant difference between elderly patients (in all three age strata) and younger patients with respect to perforation, cholangitis, and all adverse events combined.

![ Incidence rate ratio for the development of bleeding after an endoscopic retrograde cholangiopancreatography (ERCP) among patients aged ≥ 90 years and \< 90 years.](10-1055-s-0034-1365281-i032ei3){#FI032-3}

![ Incidence rate ratio for the development of cardiopulmonary adverse events after an endoscopic retrograde cholangiopancreatography (ERCP) among patients aged ≥ 90 years and \< 90 years.](10-1055-s-0034-1365281-i032ei4){#FI032-4}

![ Incidence rate ratio for mortality related to the performance of an endoscopic retrograde cholangiopancreatography (ERCP) among patients aged: **a** ≥ 80 years and \< 80 years; **b** ≥ 90 years and \< 90 years.](10-1055-s-0034-1365281-i032ei5){#FI032-5}

Visual inspection of the funnel plots and statistical analysis showed no evidence of significant publication bias.

Individual risk factors and the development of ERCP adverse events
------------------------------------------------------------------

Several risk factors were correlated with ERCP adverse events based on age as shown in [Table 2](#TB032-2){ref-type="table"}. In the elderly, suspected SOD was positively correlated with pancreatitis (R~s~ 0.3, *P* = 0.02), while the cannulation rate was inversely correlated with pancreatitis (R~s~ -- 0.5, *P* = 0.001). A similar pattern existed in the non-elderly, except that no correlation was evident between cannulation rate and pancreatitis. Furthermore, a negative correlation existed between cannulation rate and the risk of perforation (R~s~ -- 0.5, *P* = 0.005) in the elderly, with a less robust relationship in the non-elderly (R~s~ -- 0.4, *p* = 0.06). Lastly, having a precut performed was positively correlated with bleeding risk in the elderly (R~s~ 0.9, *P* \< 0.001). Data on all other risk factors either showed no relationship or there was insufficient data present.

###### Correlation between age and individual risk factors related to specific endoscopic retrograde cholangiopancreatography (ERCP) adverse events.

  Adverse event                             Patients aged ≥ 65 years   Patients aged \< 65 years                     
  ----------------------------------------- -------------------------- --------------------------- ----------------- ------
  **Pancreatitis**                                                                                                   
  Sphincter of Oddi dysfunction suspected   0.3                        0.02                        0.3               0.05
  Cannulation rate                           -- 0.5                    0.001                        -- 0.3           0.1
  **Perforation**                                                                                                    
  Cannulation rate                           -- 0.5                    0.005                        -- 0.4           0.06
  **Bleeding**                                                                                                       
  Precut performed                          0.9                         \< 0.001                   No relationship   

Discussion
==========

As individuals live longer, information regarding age-based differences with respect to developing ERCP-related adverse events will be increasingly important for patients and providers. Our study had two important findings. First, we have demonstrated that the incidence and risk of developing specific adverse events during ERCP varies by age. For example, among octogenarians, cardiopulmonary adverse events were by far the most frequent type of adverse event, whereas nonagenarians had more adverse events related to bleeding. Second, we found that age appears to modify the risk of developing some ERCP-related adverse events and particularly increased the risk of certain events. Nonagenarians were at higher risk of ERCP-related bleeding and cardiopulmonary adverse events, while both octogenarians and nonagenarians had an increased mortality risk. Such information can be informative in deciding if ERCP is the best course of action in elderly patients and should be integrated into our discussions with patients and families during the informed consent process.

ERCP is one of the more invasive endoscopic procedures, with higher adverse events when compared with other procedures performed by gastroenterologists. However, reported adverse event rates for ERCP in the literature vary extensively, span several decades, and provide little information with respect to the role played by age. Pancreatitis is the most common adverse event, with a reported incidence of 35/1000 ERCPs, but the range varies widely from 16 -- 157/1000. The less common adverse events vary as follows: perforation 1 -- 6/1000, bleeding 12 -- 15/1000, cholangitis and cardiopulmonary adverse events both 10 /1000, and mortality 2 -- 5/1000 [@JR032-9]. Our calculated adverse event incidence rates for patients aged ≥ 65 fell within the ranges for most of these reported rates in the literature, suggesting that ERCP is safe in the elderly [@JR032-5] [@JR032-10] [@JR032-11] [@JR032-12] [@JR032-13] [@JR032-14] [@JR032-15] [@JR032-16] [@JR032-17] [@JR032-18] [@JR032-19] [@JR032-20] [@JR032-21] [@JR032-22] [@JR032-23] [@JR032-24] [@JR032-25] [@JR032-26] [@JR032-27] [@JR032-28] [@JR032-29].

Interestingly, in contrast to the previous literature, pancreatitis was not the most common adverse event seen in elderly patients; instead, bleeding and cardiopulmonary adverse events dominated. Moreover, cardiopulmonary adverse events in patients aged ≥ 80, most of which were transient, and bleeding in patients aged ≥ 90 were significantly higher than previously reported rates. Several factors may explain these findings including that these patients may have: a higher number or more severe comorbid medical conditions [@JR032-84], were taking a higher number of prescribed medications [@JR032-85], or showed greater sensitivity to sedation, as may occur in the very elderly.

Our study illustrates several important findings with respect to age and post-ERCP pancreatitis. First, increasing age appears to have a protective role against the development of post-ERCP pancreatitis. Our finding that patients over 65 were at significantly lower risk of developing post-ERCP pancreatitis (nearly 70 %) compared with younger patients is in concordance with published data [@JR032-5] [@JR032-8] [@JR032-10] [@JR032-22] [@JR032-54] [@JR032-73]. It is unclear why the elderly appear to be at lower risk of pancreatitis, but increased pancreatic atrophy, increased pancreatic fibrosis, or reduced levels of pancreatic enzyme secretion may explain such findings [@JR032-5].

Second, our data confirm that specific factors related both to the patient and the endoscopist can lead to the development of post-ERCP pancreatitis and may be further influenced by age. Our data agreed with the widely observed correlations between post-ERCP pancreatitis and suspected SOD, and difficult cannulation [@JR032-56] [@JR032-86] [@JR032-87] [@JR032-88]. In our study, these correlations were seen more prominently in the elderly, with difficult cannulation being the most powerful predictor. Difficult cannulation of the common bile duct may be more frequent in the elderly owing to altered anatomy from previous surgery, higher rates of duodenal diverticulum [@JR032-14], or scarring of the major papilla from the passage of small stones over time.

Surprisingly in our analysis the performance of pancreatograms did not correlate with the development of post-ERCP pancreatitis. These findings are in contrast to previous studies [@JR032-8] [@JR032-54] [@JR032-56] [@JR032-86] [@JR032-87] [@JR032-89]; yet this observation may be related to the number of pancreatograms performed or the endoscopists' level of experience, neither of which we were able to account for in our data abstraction. Overall, the elderly were at lower risk of experiencing post-ERCP pancreatitis, but some factors such as suspected SOD and difficult cannulation added to this risk in elderly patients.

Additionally, our research illustrates that the very elderly, in particular patients over 90, are at greater risk of certain ERCP-related adverse events, specifically bleeding and cardiopulmonary adverse events. Nonagenarians had twice the risk of bleeding compared with younger patients, which may be due to the increased prevalence in this age group of coagulopathy, the taking of medications that could increase bleeding risk, big stones that require a larger sphincterotomy and more therapeutic maneuvers [@JR032-59], and/or periampullary diverticulum [@JR032-14].

Along the same lines, nonagenarians in our meta-analysis also had a nearly four-fold increase in the risk of cardiopulmonary adverse events compared with younger patients. This finding may reflect a greater incidence and severity of comorbid medical conditions in the very elderly, or that very elderly patients may have longer procedure times owing to more therapy during an ERCP. As an example, the association between older age and common bile duct stones that are difficult to remove has been well reported [@JR032-20], and this can lead to longer procedure times and potentially more sedation being administered in the elderly. Furthermore, studies have shown that older patients are at increased risk of myocardial injury if ERCP is prolonged for \> 30 minutes [@JR032-61]. Our findings suggest that special care needs to be taken in patients aged ≥ 90 before they undergo ERCP, and that strategies need to be employed to minimize these two adverse events.

Finally, our study sheds light on mortality risk and ERCP with respect to age. Mortality is a rare adverse event in patients undergoing ERCP, but our meta-analysis interestingly demonstrated a trend of increasing mortality in the very elderly: a two-fold increase in octogenarians and nearly a four-fold increase in nonagenarians when compared with younger patients. These findings are concerning and should make endoscopists pause.

The elevated mortality rate may be driven by several factors: an increase in comorbid medical conditions [@JR032-90] [@JR032-91], polypharmacy in the very elderly [@JR032-92], poor functional status and frailty [@JR032-93], a more acute presentation of the illness, and/or higher incidence rates for other adverse events that can lead to death. This trend has not been reported in the literature, most likely because previous studies have been of smaller size; however, the strength of our systematic review and meta-analysis is that pooling data together from a large number of studies can help to reduce such limitations. Therefore, despite adverse events being low, mortality rates in the elderly are higher when compared with their younger counterparts, and this serves to further alert clinicians to the fact that the elderly may be more susceptible to adverse outcomes following ERCP and that such risks need to be considered when deciding if ERCP is warranted.

Several limitations exist with our study. First, other factors in addition to age may have contributed to our observation of increased incidence rates of adverse events related to ERCP. Although age may serve as a surrogate for risk, the true mediator of risk, such as the number and severity of comorbid medical conditions, could not be accounted for in our study. Also the use of anticoagulants and nonsteroidal or anti-platelet agents were not routinely reported in our studies; such information would have been useful to determine whether their use correlated with an increased risk of bleeding in this patient population. Moreover, data on the nature of the ERCP, whether elective or emergent and diagnostic or therapeutic, could not be abstracted and may have played a role in the development of adverse events.

Second, we could not assess other adverse events such as cholecystitis, abdominal pain, and hospitalizations. In many cases, these were not consistently reported, could not be abstracted from the studies examined, or were documented only in case reports. Third, among the data on death post-ERCP, the causes of death, as well as the patient's comorbid medical conditions, were not present in the majority of studies, which made it difficult to determine if the deaths in these cases were truly attributable to the performance of an ERCP. Therefore, the mortality rate we report may in fact be lower than the true rate. Fourth, it was difficult to compare our pooled incidence rates for each adverse event among each of the three age strata given that the data was abstracted from several different studies. For example, there were only four studies in which data could be abstracted on specific adverse events for all three age strata.

In addition, we excluded studies that did not specifically mention adverse events because we were unable to be certain whether there had not been any adverse events or whether the authors had chosen not to mention them in their article. By doing this, we could have overestimated the rate of adverse events reported in our analysis. Clearly, larger studies that focus on the risk factors for elderly patients undergoing ERCP are needed in order to more accurately determine the incidence rates for specific adverse events in each age strata. Such information would then allow one to make more robust comparisons among each age group with respect to the incidence of specific adverse events.

Also, over 90 % of the ERCPs in our study were performed at academic medical centers and nearly a third were performed with anesthetic support, so our results may not be generalizable to ERCPs performed in the community. However, within the last decade there has been an increasing trend toward having ERCPs performed at centers of excellence, many of which are located at large academic centers and are similar to the institutions in our study. Lastly, a further limitation of our study is that few studies were available in which meta-analyses could be performed with respect to specific adverse events, which again limits the generalizability of our results.

In summary, our study highlights that while ERCP was relatively safe in the elderly, the very elderly were at greatest risk of having an adverse event. While patients aged ≥ 65 were at lower risk of developing ERCP-related pancreatitis, octogenarians and nonagenarians had an increased risk of other ERCP-related adverse events. Nonagenarians were, in particular, at higher risk of bleeding and cardiopulmonary adverse events, and the risk of mortality rose steeply after the age of 80 when compared with younger patients. Our data on the risk of performing ERCP in older patients, specifically in very elderly patients, should be integrated into the discussions that we have with our patients and their families, including the informed consent process, as well as into decision algorithms with regard to the utility of performing an ERCP.
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